Background: Ischemic preconditioning (IPC) is a brief episode of ischemia/reperfusion (I/R) that protects the brain from the damage induced by subsequent prolonged ischemia. Aim: To study the neuroprotective mechanism of IPC. Methods: 30 adult male Wistar rats (150 -250 g) were divided into three groups 10 rats in each; the first group was sham-operated and served as a control, I/R group of rats subjected to 30 minutes of left common carotid artery occlusion (CCAO) followed by 24-hour of reperfusion, IPC group were treated with three episodes of 5-minutes of CCAO with 10 minutes of reperfusion in between, followed by 30 minutes of CCAO and then allowed for reperfusion for 24 hours. Neurobehavioral assessments were evaluated; Rhokinases (ROCK) and nitrite were measured in affected cerebral hemisphere. Results: Rats' neurological deficits were significantly decreased in the I/R compared with the control group (P < 0.001) whereas rats treated by precondition stimuli showed significant improvement in neurological deficit compared to I/R group (P < 0.001). Nitrite level was significantly increased in the IPC rats compared to both control and I/R groups (P < 0.001). In contrast, the ROCK level was significantly higher in I/R group compared to control group and its level significantly decreased in IPC rats when compared to I/R group (P < 0.001). ROCK correlates negatively with the nitrite (CC = −0.695, P = 0.000). Conclusions: Downregulation of ROCK level following preconditioning stimuli with the potential involvement of Nitric oxide (NO) appear to be one of the neuroprotective mechanisms of IPC protection against a subsequent I/R challenge evidence by improvement in the neurological deficits.
INTRODUCTION
Cerebral ischemic preconditioning (IPC) is an incident of brief episodes of ischemia that protects the brain from subsequent, more severe ischemic insult [1, 2] . Two phases of protection arise in IPC; rapid preconditioning occurs quickly after the preconditioning stimuli and lasts for up to 1 h, the second phase is more delayed with prolonged time window that usually detectable 24 h after preconditioning, peaks at 3 days and fades after 7 days [3] . Short episodes of IPC stimuli may imitate some of the characteristics of clinical transient ischemic attacks (TIAs). In which a TIA occurring before a stroke could lead to delayed tolerance [4] . Hence, understanding which proteins are involved during delayed tolerance can provide insight into the mechanisms of ischemic damage and afford therapeutic alternatives [5] .
The molecular protective mechanisms of IPC are not fully understood, although several potentials have been implicated such as: alterations in heat shock proteins, lipid peroxidation, inflammation and mitochondrial metabolism [6, 7] . Preconditioned brains actively suppressed genes that control metabolism, cell cycle regulation and ion channel activity indicating a complete reprogramming of the genomic response to ischemia. Thus, it results in shift the outcome from cell death to cell survival [8] .
Nitric oxide (NO) is a cellular signaling molecule synthesized by the action of one nitric oxide synthase (NOS) isoforms [9] ; endothelial NOS (eNOS), neuronal NOS (nNOS) and inducible NOS (iNOS) [10] . NO has been implicated in several models of cerebral preconditioning [11] . Rho-kinases (also known as ROCK) are serine/threonine kinases that exists as two isomers Rhokinase α/ROCK2 and Rho-kinase β/ROCK1 [12] . ROCK implicated in the regulation of vascular smooth muscle cell migration, proliferation and differentiation [13, 14] . It has been demonstrated that levels of Rho are up-regulated in the brains of patients who have died following focal cerebral infarction as well as mouse model of ischemia [15, 16] .
There is evidence that activation of ROCK could down-regulate eNOS expression and worsen the endothelial function [17] . Based on these observations, the aim of the present work was to study the neuroprotective mechanisms of IPC on Rho-kinase (ROCK II) and NO levels in the brain homogenate of rats and to explore the possible correlations between ROCK, NO and the subsequent neurological deficits in rats.
MATERIALS AND METHODS

Animals
The animals were handled in accordance with the ethical standards laid down in the US National Institutes of Health (NIH Publication No. 85 -23) and its later revisions. 30 Male Wistar rats, weighing 150 -250 g were selected and preserved at a constant temperature of 22˚C ± 2˚C with a fixed 12:12-h light-dark cycle. Nutritionally balanced pellets and water were freely available.
Experimental Design
Three randomly divided experimental groups were used, of 10 rats each: 1) sham operated: which included full surgical preparation without common carotid artery occlusion (CCAO) serve as control group; 2) ischemia/ reperfusion (I/R) group: Brain ischemia was maintained for 30 minutes of left CCAO followed by 24 hours reperfusion [18] ; 3) IPC group were treated with three 5-minute episodes of CCAO with 10 minutes of reperfusion between stimuli, followed by thirty minutes of CCAO. Then the clips were removed to allow reperfusion of carotid artery for 24 hours [11].
Cerebral Ischemia Induction
The animals were fasted overnight prior to surgery with free access to tap water. Anesthesia was induced by ether inhalation and maintained by thiopental sodium (2.5 mg/kg) [19] . Body temperature was kept constant at 36.5˚C ± 0.5˚C using heating pad. A longitudinal cervical incision (2 cm) was made lateral to the midline and the CCA was carefully dissected. Ischemia was induced by placing non traumatic microvascular clip on left CCA just prior to its bifurcation [20] . During ischemia rats were monitored for body temperature and respiration pattern. The clips were removed to resume blood flow to the ischemic region for 24 hours [18] . Finally, the incisions were sutured, the animal was allowed to recover from anesthesia, and returned to a warm cage for recuperation during reperfusion period. The number of animals presented for each group is the number of rats that survived during 24-hour reperfusion period. The collected data of the animals that died during 24 hours reperfusion period were excluded.
Neurological and Behavioral Evaluation
Define Neurobehavioral tests of all experimental groups were assessed daily to determine the effect of ischemic injury on them. Neurobehavioral evaluations were performed three times: the day before surgery, the same day as surgery and just before killing the animals. Each rat was examined in the late afternoon hours so that rats that had been operated in the morning would fully recovered from the effects of anesthesia by the time of evaluation. The neurobehavioral study consisted of the following six tests: spontaneous activity, symmetry in the movement of the four limbs, forepaw outstretching, climbing, body proprioception and response to vibrissae touch. The score given to each rat at the end of the evaluation is the summation of all six individual test scores. The minimum neurological score was 3 and the maximum was 18 [21] .
Laboratory Investigations
At the end of experimental period, the rats were sacrificed by decapitation. Brains were rapidly removed from the skull and washed with cold saline and stored at −20˚C for further analysis. A small part of each brain from the affected hemisphere was dissected to approximately 1 -2 mm pieces and they were homogenized in 7 ml of ice-cold extraction buffer (1% Triton X-100, 10 mmol/l MgSO 4 , 1 mmol/l EDTA, 1 mmol/l dithiothreitol, 0.5 mol/l NaCl, 1% protease inhibitor cocktail, 20 mmol/l HEPES and pH of 7.5) [22] . The homogenate was centrifuged; the supernatant was taken and stored at −20˚C until being used. A modification of the method of Lowry was used for the determination of protein in the brain homogenate [23] . NO metabolite (nitrite) was measured colorimetrically [24] and Rho-kinase II was detected using enzyme-linked immunosorbent assay (ELISA) [25] , purchased from Cell Biolabs, INC.
Data Analysis
Data were expressed as mean ± S.E.M. Statistical evaluation was performed using the Microsoft Office Excel (Microsoft Office Excel for windows; 2003) and SPSS (SPSS for windows version 19). Screening studied rats' groups for significant difference in the mean of ROCK and NO was performed using analysis of variance. P < 0.05 was considered significant. Figure 1 reveals the significant decrease in the neurological deficit in rats subjected to ischemia/reperfusion (12.83 ± 0.7) compared to sham operated rats (17.60 ± 0.7, P < 0.001). While IPC rats showed a significant improvement in neurological deficit when compared to ischemia/reperfusion group (13.7 ± 0.25, P = 0.002). Figure 2 , the concentrations of brain ROCK in rats subjected to ischemia reperfusion (0.028 ± 0.00 ng/mg protein) was significantly higher compared to sham operated rats (0.02 ± 0. 005 ng/mg protein, P < 0.001). Rats subjected to IPC demonstrated a significant decrease in ROCK level (0.007 ± 0. 005 ng/mg protein, P < 0.001). Regarding brain nitrite level, IPC rats showed a significant increase in nitrite (84.65 ± 12.61 µmol/l) when compared to both control and ischemia/reperfusion groups (56.03 ± 11.38, 59.18 ± 10.86 µmol/l respectively, P < 0.001), while no significant difference between the shamoperated and ischemia/reperfusion rats (Figure 3) . In addition, Table 1 demonstrated the correlation between ROCK, nitrite and the subsequent neurological deficits.
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In the current study, three episodes of ischemic Preconditioning, each lasting 5 minutes, protect the brain against damage from subsequent 30 minutes of ischemia, evidenced by the improvement of the neurological score compared to the ischemia/reperfusion group. These findings provide support that IPC provokes tolerance to cerebral ischemia [2, 5] . Several studies observed the protective mechanism of IPC in both global and focal ischemia [2, 11] .
The current data demonstrated a significant increased in ROCK level in rats subjected to ischemia/reperfusion, these findings were further supported by Yano et al. [26] and Li et al. [27] , Yano et al. proved that Rho-kinase activity was increased in the ipsilateral cerebral hemisphere after 3 and 6 h but not 0.5 h compared with contralateral cerebral hemisphere in rats subjected to induced cerebral ischemia [26] . Li and his colleagues, observed an impaired motor activity and motor learning function in rats subjected to 2 h of middle cerebral artery occlusion (MCAO) followed by 24 h of reperfusion, with significant neuronal loss, nuclei condensation and inflammation responses in frontal cortex [27] . Furthermore, Feske et al. reported an increased leukocyte ROCK activity in patients after acute ischemic stroke [28] . These findings suggested the possibility that activation of Rho-kinase in neuronal cells may induce disturbance of neuronal networks and resulted in neurological deficits, and in the vascular cells it may induce contraction of blood vessels and reduction of cerebral blood flow, causing progression of infarction. These hypotheses are consistent with the improvement of outcome of cerebral infarction by Rho-kinase inhibitors [27] .
Studies regarding ROCK in IPC are scarce. Inter- 96 hours later. They proved that two episodes of only 5-minute duration, which by themselves did not cause significant neuronal death, were effective in producing tolerance. This effect is associated with induction of iNOS expression, and this protection is blocked by the iNOS inhibitor aminoguanidine [30] . NO derived from eNOS is essential for eliciting early ischemic preconditioning (IP) [31] , and these findings were suggesting that eNOS may mediate protection against ischemia. A shortcoming of this study is that it has not measured the enzymatic activity of different NOS isoforms. The current study showed no significant increase in nitrite level in ischemia/reperfusion group, these findings are in accordance with the finding from Zhou et al. [32] . Although enhanced level of NO is a common, reproducible outcome of many previous works [33] [34] [35] [36] . A possible explanation for this dispute is the type of NOS responseble for production of NO measured by different studies [32] . NO derived from eNOS has been suggested to have neuroprotective effects during cerebral ischemia [37] while NO produced by nNOS, iNOS can be neurotoxic [38] .
The current study revealed a significant negative correlation between ROCK and nitrite, this may be explained by the work conducted by Fagan et al. [39] , and Kataoka et al. [17] , they suggested that hypoxia or ischemia may down-regulate eNOS activity via Rho-kinase activation and ROCK is a negative upstream regulator of eNOS via several mechanisms including changes in eNOS mRNA stability [40] , subcellular translocation of eNOS because of reorganization of actin cytoskeleton, and eNOS phosphorylation at serine 1179 via phosphatidylinositol 3-kinase/Akt pathway [41] . Also Shin et al. [42] , explored the relative contribution of these two mechanisms to the observed cerebral blood flow improvement in ischemic core and penumbra by testing hydroxyfasudil (ROCK inhibitor) in eNOS deficient mice, and showed that hydroxyfasudil did not augment cerebral blood flow in eNOS deficient mice. Thus they indicated that eNOS plays an obligatory role in this response, and that the direct vascular smooth muscle relaxing effect of Rho-kinase inhibitors does not augment cerebral blood flow in this model of focal ischemia.
In conclusion, the current study demonstrates that IPC affords protection against a subsequent ischemia/reperfusion challenge with possible contribution of NO and down regulation of ROCK in preconditioning neuroprotective mechanism. Further studies are needed to demonstrate the effect of selective NOS inhibitors and to measure each isoforms of NOS separately to evaluate the specific role of eNOS, iNOS and nNOS in different durations of cerebral ischemia.
ACKNOWLEDGEMENTS
To many colleagues in Alexandria University, Egypt, for whom I have great regard, and I wish to extend my sincere thanks to Professor Dr. Eman Shaat and Dr. Ali Kobil.
